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(57)Abstract: 

PROBLEM TO BE SOLVED: To quickly, easily, 
and inexpensively provide a method and 
apparatus for manufacturing a photoelectric 
conversion device, capable of performing 
temperature control over a film-formed 
substrate. 

SOLUTION: This method of manufacturing a 
photoelectric conversion device comprises the 
steps of: introducing a holder 7 for holding a 
substrate 6 into a plurality of film-forming 
chambers 1 to 3 arranged in a line in sequence, 
and forming a semiconductor thin film on the 
surface of the substrate 6 in each of the 
chambers 1 to 3. In this case, the substrate 6 
held by the holder 7 in a loading chamber 4 has its temperature controlled to a 
predetermined value, while being heated by hot air from a hot air blow nozzle 9 under 
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atmospheric pressure, before being introduced into the first chamber 1 . 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of 
photo-electric-conversion equipment, and a manufacturing installation, and relates to 
the in-line CVD film production approach and film production equipment which 
prepared the temperature control device in a part of electrode-holder circulatory 
system especially. 
[0002] 

[Description of the Prior Art] The most decomposes material gas, such as a silane, a 
disilane, germane, and methane, in the plasma by high-frequency power etc. with 
doping gas, such as diboron hexahydride, phosphoretted hydrogen, and an arsine, if 
needed, and non-single crystal sofar batteries including an amorphous silicon solar cell 
are formed by forming pin junction by the so-called glow discharge part solution 
method deposited on a desired substrate. 

[0003] In order to obtain the high engine performance in that case, it is well-known 
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that it is necessary to reduce the high impurity concentration in i layers as much as 
possible. In order that the boron for forming p layers and n layers, Lynn, etc. may 
cause performance degradation, the so-called separation forming method which forms 
p layers, i layers, and n layers recently at the film production room of dedication, 
respectively is common. 

[0004] This separation forming method arranges each film production room to in-line 
one, and the in-line multilocular discrete-type film production equipment which has 
the system which conveys a substrate in other film production rooms in a vacuum is 
[ after forming each class ] needed. Moreover, a loading room is prepared in front of 
the first film production room, a substrate is made to hold in an electrode holder there, 
an unloading room is prepared behind the last film production room, a substrate is 
removed from an electrode holder there, it circulates through an electrode holder, and 
it is repeatedly returned and used for a loading room. 

[0005] Although a substrate is heated at about 200 degrees C at the heater installed 
in the film production interior of a room and film production is performed with such 
in-line multilocular discrete-type film production equipment, heating in a vacuum 
takes long duration, and there is a problem that cost is high. Moreover, in order that a 
substrate may carry out sequential migration, it is very difficult to act as the monitor 
of the substrate temperature in the film production Interior of a room. 
[0006] Furthermore, it becomes difficult it not to become fixed [ the temperature of 
the substrate thrown into a loading room ] that an electrode holder carries out 
accumulation or is influenced with environmental temperature etc., therefore to 
control uniformly the temperature of the substrate of the film production interior of a 
room by repetition use of an electrode holder. 
[0007] 

[Problem(s) to be Solved by the Invention] This invention was made in view of the 
trouble of this conventional technique, and aims at offering the manufacture approach 
of photo-electric-conversion equipment and manufacturing installation which make it 
possible to perform temperature management of the substrate produced by low cost 
easily for a short time. 
[0008] 

[Means for Solving the Problem] In order to solve the above-mentioned technical 
problem, this invention carries out sequential installation of the electrode holder 
holding a substrate at two or more film production rooms arranged by in-line one. In 
the manufacture approach of photo-electric-conversion equipment including the 
process which produces a semi-conductor thin film on a substrate front face in each 
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film production interior of a room, the manufacture approach of the 
photo-electric-conversion equipment characterized by controlling uniformly the 
temperature of the substrate held at the electrode holder introduced into the first film 
production room under atmospheric pressure is ofFered. 

[0009] Moreover, two or more film production rooms where this invention was 
arranged by in-line one and the electrode holder holding a substrate. The means which 
carries out sequential installation of this electrode holder at said two or more film 
production rooms, and carries out circulation conveyance, The manufacturing 
installation of the photo-electric-conversion equipment characterized by providing a 
means to control uniformly the temperature of a means to produce a semi-conductor 
thin film on a substrate front face in each film production interior of a room, and the 
substrate which is introduced into the first film production room, and which was held 
at the electrode holder under atmospheric pressure is offered. 

[0010] In the manufacture approach of the photo-electric-conversion equipment of 
this invention, and a manufacturing installation, it can act as the monitor of the 
temperature of the substrate introduced into the first film production room, and the 
temperature of the substrate discharged from the last film production room. Moreover, 
according to the temperature of the substrate introduced into the first film production 
room which acted as the monitor in this way, two or more temperature of the film 
production interior of a room is controllable. In addition, the monitor of the 
temperature of a substrate can carry out by attaching a thermometer in an electrode 
holder. 

[0011] The temperature of the substrate held at the electrode holder introduced into 
the first film production room is controllable spraying hot blast on a substrate, 
spraying a high-pressure steam on a substrate, or by irradiating infrared radiation at a 
substrate. In these, it is a simple means to spray hot blast on a substrate, and cost is 
also low and it is the most desirable from the temperature up in a short time being 
possible. 

[0012] In addition, as for hot blast, it is desirable that it is defecated clean air. It is 
desirable to be controlled by the temperature exceeding 100 degrees C, for example, 
100-150 degrees C, while the temperature of the substrate held at the electrode 
holder introduced into the first film production room is the temperature near this film 
production temperature although it is lower than the film production temperature 
within the limits of this since film production in a film production room is performed 
under the temperature of 1 60 degrees C - 240 degrees C. 

[0013] According to the manufacture approach of the photo-electric-conversion 
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equipment of this invention and manufacturing installation which are constituted as 
mentioned above, it is possible to perform easily temperature management of the 
substrate of the film production interior of a room by low cost for a short time by 
controlling uniformly the temperature of the substrate held at the electrode holder 
introduced into the first film production room under atmospheric pressure. 
[0014] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is 
explained with reference to a drawing. Drawing 1 is the mimetic diagram of the in-line 
CVD film production equipment concerning 1 operation gestalt of this invention. In 
drawing 1 , the p layer film production room 1 or i layer film production room 2 and the 
n layer film production room 3 are arranged by the single tier, and the loading room 4 
and the unloading room 5 are installed before and after that. 

[0015] It is conveyed, and the electrode holder 7 which supports the substrate 6 
produced in the inside of these loading room 4, the p layer film production room 1 or i 
layer film production room 2 or n layer film production room 3. and the unloading room 
5 circulates, and repetition use is carried out by the electrode-holder circulatory 
system 8. 

[0016] At the loading room 4, the substrate 6 held on the electrode holder 7 can spray 
hot blast from the hot blast blasting nozzle 9, and is heated by predetermined 
temperature. Predetermined temperature is usually 100-150 degrees C. The 
temperature of hot blast, blasting time amount, etc. are controlled so that such 
temperature is acquired. In addition, temperature control needs to be made in 
consideration of the temperature and ambient temperature of the electrode holder 
itself. Moreover, the temperature of the electrode holder discharged from the last film 
production room mentioned later is also taken into consideration. 
[0017] The inside of the loading room 4 is under atmospheric pressure, and the 
temperature up to the predetermined temperature of the substrate by blasting of hot 
blast can be performed easily in a short time. 

[0018] As for the substrate heated by predetermined temperature, a p type 
semiconductor layer, an i-type semiconductor layer, and a n-type-semiconductor 
layer are produced one by one in the p layer film production room 1 or i layer film 
production room 2 and the n layer film production room 3. Although film production is 
performed under 200 degrees C by the heater formed in each ** Since heating control 
is beforehand carried out at the fixed temperature of 1 00-1 50 degrees C before being 
introduced into the p layer film production room 1, a substrate 6 can perform a 
200-degree C temperature up correctly and extremely in a short time., 
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[001 9] In addition, the thermometer is attached in the electrode holder 7 — it acts as 
the monitor of the temperature at the time of being introduced into the p layer film 
production room 1 , and the temperature at the time of coming out from the n layer film 
production room 3, and the temperature of the heater of each film production interior 
of a room is controlled according to the value. 

[0020] In addition, in the film production equipment shown In drawing 1 , In order to 
prevent mixing of an Impurity at some or all between each film production room, it is 
possible to prepare a middle room further. Moreover, it Is also possible to produce the 
same semi-conductor layer at two or more film production rooms in consideration of a 
difference of the thickness of the semi-conductor layer produced and film production 
time amount. 
[0021] 

[Example] The concrete example of this invention is shown hereafter and this 
invention is explained in more detail. Each amorphous semiconductor layer (p layers, i 
layers, and n layers) was produced on the glass substrate with Sn02 as follows using 
the CVD film production equipment which is shown in drawing 1 and which has 
arranged two or more parallel monotonous capacity-coupling mold glow discharge 
decomposition film production rooms to in-line one. First, the glass substrate 6 with 
Sn02 has been arranged on an electrode holder 7 In the loading room 4. Subsequently, 
under atmospheric pressure, 200-degree C hot blast was sprayed for 300 seconds 
from the hot blast nozzle 9, and substrate temperature was made into 1 20 degrees C. 
It acts as the monitor of the substrate temperature with the thermometer attached in 
the electrode holder 7. 

[0022] Next, SIH4300sccm, CH3700sccm, B-2H65sccm, and H21000sccm after 
conveying the electrode holder 7 holding a substrate 6 in the p layer film production 
room 1 and heating with the heater temperature of 180 degrees C under reduced 
pressure It introduced and p lOnm layers were produced by reaction pressure Itorr 
and RF power 30 mW/cm2. 

[0023] Then, SiH4500sccm after conveying the electrode holder 7 which held the 
substrate 6 after exhausting the residual gas in the p layer film production room 1 in 
the adjoining i layer film production room 2 and heating it with the heater temperature 
of 200 degrees C under reduced pressure was introduced, and r 300nm layers were 
produced by reaction pressure 0.3torr and RF power 50 mW/cm2. 
[0024] Furthermore, after conveying the electrode holder 7 which held the substrate 6 
after exhausting the residual gas in the i layer film production room 2 in the adjoining n 
layer film production room 1 and heating it with the heater temperature of 200 
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degrees C under reduced pressure, SiH4200sccm. PH35sccm, and H24000sccm were 
introduced, and n 20nm layers were produced by reaction pressure 1torr and RF 
power 1 00 mW/cm2. 

[0025] Thus, the three-layer amorphous semiconductor layer which has pin junction 
on the glass substrate 6 with Sn02 was produced. Then, the produced substrate 6 
was removed from the electrode holder, and it conveyed at the following process, and 
the electrode holder 7 was conveyed as it was, and was returned to the loading room 
4. 

[0026] in the above film production processes, it is heated by hot blast, is controlled 
by predetermined temperature, and acts as the monitor of this temperature with the 
thermometer attached in the electrode holder 7. and a substrate 6 embraces this 
temperature, before being introduced into the p layer film production room 1 — the 
temperature of the heater in the p layer film production room 1 is set up. 
[0027] Therefore, to temperature required for film production, correctly, the 
temperature of the substrate 6 in the p layer film production room 1 was attained for 
a short time, and became possible [ performing easily temperature management of the 
substrate of the film production interior of a room by it ]. 
[0028] 

[Effect of the Invention] As mentioned above, as explained to the detail, according to 
this invention, it became possible to perform easily temperature management of the 
substrate of the film production interior of a room by low cost for a short time by 
controlling uniformly the temperature of the substrate held at the electrode holder 
introduced into the first film production room under atmospheric pressure. 
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